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(57) Abstract 

Disclosed is a thermoplastic transparent resin composition and a method for manufacturing the same. The resin composition includes 
3-15 parts by weight of small aperture polybutadiene rubber latex; 5-25 parts by weight of large aperture polybutadiene rubber latex; 40-70 
parts by weight of a methacrylic acid alkylester compound or an acrylic acid alkylester compound; 15-30 parts by weight of an aromatic 
vinyl compound; and 1-20 parts by weight of a vinylcian compound. The method includes the steps of a) producing a small aperture 
polybutadiene mbber latex having an average particle diameter of 600-1500 A. a gel content of 70-95 %. and a swelling index of 12-30 by 
reacting butadiene at 55-70 ^'C using a polymerization initiator, b) producing a large aperture polybutadiene rubber latex having a particle 
diameter of 2600-5000 A, a gel content of 70-95 %, and a swelling index of 12-30 by enlarging the small aperture polybutadiene rubber 
latex particles; c) performing graft copolymerization at 65-80 **C by continuously or separately adding 3-15 parts by weight of the small 
aperture polybutadiene rubber latex of step a), 5-25 parts by weight of the large aperture polybutadiene rubber latex of step b). 40-70 parts 
by weight of a methacrylic acid alkylester compound or an acrylic acid alkylester compound, 15-30 parts by weight of an aromatic vinyl 
compound, and 1-20 parts by weight of a vinylcian compound. 
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THERMOPLASTIC TRANSPARENT RESIN COMPOSITION AND METHOD OF 

MANUFACTURING SAME 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a themnopiastic transparent resin 
composition, and more particularly, to a themnopiastic transparent resin 
composition which is resistant to shocks, chemically resistant, easily processed, 
and highly transparent. The present invention also relates to a method for 
manufacturing the themioplastic transparent resin composition in which, when 
perfonning graft copolymerization of a methacrylic acid or an acrylic alkylester 
compound, an aromatic vinyl compound, and a vinylcian compound in a mixture 
of a small aperture polybutadiene rubber latex and a large aperture 
polybutadiene rubber latex, both having a suitable gel content, a refraction 
coefficient is maximized by controlling the mixture ratio of these monomers, 
thereby realizing the advantages of the resin composition stated above. 

(b) Description of the Related Art 

Many various products today use transparent plastic parts for both 
practical reasons and to provide distinguishable characteristics to a product. 
Examples include the plastic screen cover on a cell phone, a washing machine 
cover that enables the user to view the contents being washed, portions of the 
housing of a PC monitor, pager housings, the housings and covers of home 
appliances, etc. However, the typically used ABS (acrylonitrile-butadiene- 
styrene) copolymer resin, although providing good shock resistance, chemical 
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resistance, processability, and surface gloss, has limited transparency. 

The following are some of the methods for providing transparency in 
plastic materials: 

1 ) A method using transparent polycarbonate resin. 
5 2) A method of providing shock resistance to transparent PMMA 

(polymethylmethacrylate) resin (U.S. Patent No. 3.787.522. Japanese Patent No. 
Sho 63^2940). 

3) A method of providing transparency to HIPS (high impact polystyrene) 
resin (European Patent No. 0.703.252). 

10 However, in the method of using polycarbonate resin, although this 

material has good transparency and shock resistance at room temperature, it is 
not highly resistant to chemicals and does not display high resistance to shocks 
at low temperatures. This material also has problems related to processability, 
making it difficult to manufacture this product to large sizes. With regard to 

15 PMMA resin, though providing good transparency and processability. this 
material has an extremely low level of resistance against shocks. Finally, 
regarding HIPS resin, this material has a low level of resistance against 
chemicals and is easily scratched. 

U.S. Patent No. 4,767.833. in an effort to solve the above problems, 

20 discloses a transparent resin in which monomers such as methylmethacrylate, 
styrene and acrylonitrile are graft copolymerized in SBR (styrene-butadiene 
rubber) latex such that properties of shock resistance, chemical resistance, and 
processability are realized. However, this resin is limited in its resistance to 
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shocks at low temperatures and displays a limited degree of transparency. 

SUMMARY OF THE INVENTION 

The present invention has been made in an effort to solve the above 
problems. 

It is an object of the present invention to provide a thermoplastic 
transparent resin composition and a method of manufacturing the same in which 
the resin composition displays high resistance to shocks at both room 
temperature and low temperatures, high chemical resistance, good 
processability. high surface gloss, and excellent transparency. 

To achieve the above object the present invention provides a 
thermoplastic transparent resin composition comprising 3-15 parts by weight of 
small aperture polybutadiene rubber latex, 5-25 parts by weight of large aperture 
polybutadiene rubber latex. 40-70 parts by weight of a methacrylic acid 
alkylester compound or an acrylic acid alkylester compound, 15-30 parts by 
weight of an aromatic vinyl compound, and 1-20 parts by weight of a vinylcian 
compound. 

Further, the present invention provides a method of manufacturing a 
thermoplastic transparent resin composition including the steps of a) producing a 
small aperture polybutadiene rubber latex having an average particle diameter of 

600-1500 A , a gel content of 70-95%, and a swelling index of 12-30 by reacting 
butadiene at 55-70°C using a polymerization initiator, b) producing a large 
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o 

aperture polybutadiene rubber latex having a particle diameter of 2600-5000 A , 
a gel content of 70-95%, and a swelling index of 12-.30 by enlarging the small 
aperture polybutadiene rubber latex particles, and c) performing graft 
copolymerization at 65-80°C by continuously or separately adding 3-15 parts by 
weight of the small aperture polybutadiene rubber latex of step a), 5-25 parts by 
weight of the large aperture polybutadiene rubber latex of step b), 40-70 parts by 
weight of a methacrylic acid alkylester compound or an acrylic acid alkylester 
compound, 15-30 parts by weight of an aromatic vinyl compound, and 1-20 parts 
by weight of a vinylcian compound. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

In the present invention, when producing an ABS resin comprised of 
acrylonitrile having high chemical resistance, butadiene having good resistance 
to shocks, and styrene providing good processability, methylmethacrylate is 
introduced, and by controlling a content and mixture ratio of each component, a 
refraction coefficient of polybutadiene rubber latex and a refraction coefficient of 
a mixture of the methymethacrylate, styrene, and acrylonitrile, grafted in the 
rubber latex, are maximized. Accordingly, a themioplastic transparent resin is 
manufactured having high levels of shock resistance, chemical resistance, and 
processability, in addition to excellent transparency. 

The thermoplastic transparent resin composition of the present invention 
is manufactured by graft copolymerizing, using an emulsion polymerization 
method, a mixture of a small aperture polybutadiene mbber having a particle 
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diameter of 600-1500 A , a gel content of 70-95%. and a swelling Index of 12-30 
and a large aperture polybutadiene rubber latex having a particle diameter of 

2600-5000 A, a gel content of 70-95%, and a swelling index of 12-30, and 
monomers grafted in the mixture of a methacrylic acid or an acrylic acid 

5 alkylester compound, an aromatic vinyl compound, and a vinylcian compound. 

The particle diameter and gel content of the polybutadiene mbber latex 
used in the present invention greatly influence properties of the inventive resin 
composition such as transparency and resistance to shocks. Therefore, particle 
diameter size and gel content must be suitably controlled to ensure that optimal 

10 levels of such properties are realized. That is, in the case of the rubber latex 
particle size, although transparency is increased with decreases in particle size, 
shock resistance and fluidity are decreased, whereas the opposite results with 
increases in particle size. Further, if the gel content of the mbber latex is low, 
since the monomers undergo significant swelling in the rubber latex during graft 

15 reaction, an external particle diameter of the rubber latex is increased. This limits 
transparency but improves resistance to shocks. Here also, the opposite effect 
results with increases in the gel content. 

Further, a refractive coefficient of the monomer mixture is directly related 
to transparency of the inventive resin composition. The refractive coefficient is 

20 controlled by a mixture ratio of the monomers. That is, since a refractive 
coefficient of polybutadiene is approximately 1.518, the remaining grafted 
components must be similar to this level to realize a high level transparency. 
Refractive coefficients for each component are 1 .49 for the methylmethacrylate. 
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1 .59 for the styrene, and 1 .51 8 for the acrylonitrile. 

During the graft copolymerization reaction, each component can be 
added all at once, or each separately (or partially for each component) in a 
continuous manner. The present invention performs the adding of components 
using both these methods. This will be described in more detail hereinafter. 

A method of manufacturing the themioplastic transparent resin 
composition of the present invention will now be described. 
1) Manufacture of polybutadiene rubber latex 

a) Manufacture of small aperture rubber latex 

100 parts by weight of 1,3-butadiene, 1-4 parts by weight of a 
emulsifying agent, 0.1-0.6 parts by weight of a polymerization initiator, 0.1-1.0 
parts by weight of an electrolyte, 0.1-0.5 parts by weight of a molecular weight 
controlling agent, and 90-130 parts by weight of ion exchange water are added 
all at once, and reacted at 50-65°C for 7-12 hours. Next, 0.5-1.2 parts by weight 
of a molecular weight controlling agent is further added and reacted at 55-70°C 
for 5-15 hours, thereby producing small aperture polybutadiene rubber latex 

o 

having an average particle diameter of 600-1 500 A, a gel content of 70-95%, 
and a swelling index of 1 2-30. 

As the emulsifying agent, it is possible to use one or a mixture of two or 
more of the following: alkyi aryl sulfonate, alkali methyl alkyi sulfate, sulfonated 
alkylester, fatty acid soap, and rosin acid alkali salt. As the polymerization 
initiator, it is possible to use a water soluble persulfate or peroxy compound, or 
an oxidation-reduction compound. The most suitable water soluble persulfates 
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are sodium and potassium. For a fat soluble polymerization initiator, it is possible 
to use cumene peroxide, diisopropyl benzene hydroperoxide, 
azobisisobutyronitrile, tertiary butyl hydroperoxide, paramethane hydroperoxide, 
and benzoyl peroxide. For the electrolyte, it is possible use one or a mixture of 

5 two or more of the following: KCI. NaCI. KHCO3, NaHCOj, K2CO3, NazCOa, 
KHSO3, NaHSOa, K4P2O7, K3PO4, NaaPO^, K2HPO4. and Na2HP04. 

An important factor in detemiining gel content and the swelling index of 
the rubber latex is polymerization temperature. The type of initiator used also 
influences these two characteristics of the rubber latex. 

,0 b) Manufacture of large aperture mbber latex (small aperture rubber 

latex adhesion process) 

3.0-4.0 parts by weight of an acetic acid aqueous solution Is slowly 
added over a period of one hour to 100 parts by weight of the small aperture 

o 

rubber latex having a particle diameter of 600-1500 A , a gel content of 70-95%. 
15 and a swelling index of 12-30, thereby enlarging the particle size. Stirring is then 
discontinued and a large aperture rubber latex results, the large aperture rubber 

o 

latex having a particle diameter of 2600-5000 A , a gel content of 70-95%, and a 
swelling index of 12-30. 

To provide shock resistance to the rubber latex, although it is possible to 
20 manufacture the large aperture rubber latex using a direct polymerization 
method (Japanese Laid-Open Patent No. 56-136807). a long reaction time is 
required and the gel content level that can be obtained is limited with this 
method. Accordingly, in order to produce a large aperture rubber latex in a short 
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amount of time while maintaining a high gel content, it is preferable, as , 
described above, to first manufacture a small aperture rubber latex having a high 
gel content, then add an acidic material to the rubber latex to enlarge the 
particles, thereby producing a large aperture rubber latex. 
2) Manufacture of graft copolymerizatlon material 

Graft copolymerized in a mixture of 3-15 parts by weight of the small 
aperture polybutadlene rubber latex and 5-25 parts by weight of the large 
aperture polybutadlene rubber latex are 40-70 parts by weight of a methacrylic 
acid alkylester compound or an acrylic acid alkylester compound, 15-30 parts by 
weight of an aromatic vinyl compound, 1-20 parts by weight of a vinylcian 
compound, 0.2-0.6 parts by weight of an emulsifying agent, 0.2-0.6 parts by 
weight of a molecular weight controlling agent, and 0.05 to 0.3 parts by weight of 
a polymerization initiator. 

In the above, a suitable polymerization temperature is 65-80°C, and a 
suitable polymerization time is 4-7 hours. In the polymerization reaction, it is 
possible to use methymethacrylate for the methacrylic acid alkylester compound 
or acrylic acid alkylester compound; for the aromatic vinyl compound, it is 
possible to use styrene, « -methylstyrene, o-ethylstyrene, p-ethylstyrene, or 
vinyl toluene; and for the vinylcian compound, it is possible to use acrylonitrile, 
methacrylonitrile, or ethacrylonitrile. 

As the emulsifying agent used in the polymerization reaction, it is 
possible to use one or a mixture of two or more of alkyi aryl sulfonate, alkali 
methyl alkyI sulfate, sulfonated alkylester, fatty acid soap, and rosin acid alkali 
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salt. For the molecular weight controlling agent, tertiary dodecyl mercaptan is , 
generally used. As the polymerization initiator, it is possible to use an oxidation- 
reduction catalyst realized through a mixture of (a) a peroxide such as cumene 
peroxide, diisopropyl benzene hydroperoxide, and persulfuric acid salt, and (b) a 
5 reducing agent such as sodium fomialdehyde sulfoxylate, sodium 
ethylenediaminetetraacetic, primary iron sulfate, dextrose, pyn-oline acid sodium, 

and sulfurous sodium. 

After polymerization is complete, a polymerization conversion rate of the 
obtained latex is over 98%. An oxidation preventing agent and a stabilizer is 
10 then added to the latex, and at a temperature over 80°C, the latex is coagulated 
using a calcium chloride aqueous solution, after which the latex is desiccated 
and dried, thereby obtaining a powder. 

Stability of the graft copolymerized latex manufactured in the above is 
determined by measuring a solidification rate (%) using Equation 1 below. 
15 [Equation 1] 

Solidification(%) = produced solidification wt.(g) in reactor/ weight of all 

rubber and monomers X 100 

A solidification rate of over 0.7% is indicative of an extremely low latex 
stability, and there will occur difficulty in realizing suitable graft copolymerization 
20 as a result of the large presence of solid material. 

After adding the oxidation preventing agent and stabilizer, pellets are 
manufactured from the powder using a biaxial extruding mixer at a temperature 
between 200 and 230°C. The pellets are again extracted to measure properties 
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of the same. 

Since the mixture of the monomers in the present invention changes the 
refraction coefficient in the resulting inventive resin, it is important to obtain a 
suitable monomer mixture to realize good transparency. That is, since a 

5 refractive coefficient of polybutadiene is approximately 1.518, an entire refractive 
coefficient of the grafted compound must be 1.510-1.526. preferably between 
1.513 and 1.521. A refractive coefficient not reaching 1.510 or exceeding 1.527 
is not suitable in the present invention. 

The present invention is further explained in more detail with reference 

10 to the following examples. The invention can be utilized in various ways and is 
not intended to be confined to the examples. 

[Example 1] 
I. Manufacture of polybutadiene rubber latex 

A) Manufacture of small aperture rubber latex 

15 Added all at once to a nitrogen substituted polymerization autoclave 

were 110 parts by weight of ion exchange water; 100 parts by weight of 1,3- 
butadrene as a monomer; 1.2 parts by weight of rosin acid potassium salt as a 
emulsifying agent; 1.5 parts by weight of oleic acid potassium salt; 0.1 parts by 
weight of sodium carbonate (NaaCOa) as electrolyte; 0.5 parts by weight of 

20 potassium hydrogen carbonate (KHCO3); and 0.3 parts by weight of tertiary 
dodecyl mercaptan (TDDM) as a molecular weight controlling agent. Next, a 
reaction temperature was increased to 55^C, and after adding 0.3 parts by 
weight of persulfuric acid potassium as an initiator to begin the reaction, reaction 
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was performed for 10 hours. Following this step, 0.05 parts by weight of tertiary 
dodecyl mercaptan were again added to the mixture, after the same was reacted 
for 8 hours at 65°C. A rubber latex obtained using this method was analyzed 
using a method described below. 
5 (1) Gel content and swelling index 

After solidifying the rubber latex using diluted acid or metal salt, the 
rubber latex is washed then dried for 24 hours in a vacuum oven set at 60°C. 
Subsequently, the obtained rubber lumps are cut in small (approximately 1g) 
pieces using scissors, and the pieces are put into 100g of toluene then stored in 
10 a darkroom at room temperature for 48 hours. After storage, the material is 
separated into sol and gel, and a gel content and swelling index are measured 
using Equation 2 and Equation 3 below, respectively. 
[Equation 2] 

Gel content(%) = weight of insoluble portion (gel) / weight of sample X 

15 100 

[Equation 3] 

Swelling index = weight of swelled gel / weight of gel 
(2) Particle diameter 

Particle diameter is measured by a dynamic laser light scattering method 
20 using a Nicomp 370 HPL. 

Using the above methods, the gel content of the particle diameter was 

o 

90%. the swelling index was 18, and the particle diameter was 1000 A . 

B) Manufacture of large aperture rubber latex (small aperture rubber 
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tatex adhesion process) 

Added to a reactor were 100 parts by weight of the small aperture rubber 
latex manufactured above. Next, at a stirring speed of 10 rpm and a temperature 
of 30°C. 3.5 parts by weight of an acetic acid aqueous solution were slowly 
5 added to the small aperture rubber latex over a period of one hour, after which 
stirring was discontinued and the mixture was left to stand for 30 minutes, 
thereby completing the manufacture of the large aperture rubber latex. The large 
aperture rubber latex obtained through an adhesion method in this manner had 

a particle diameter of 3000 A . a gel content of 90%. and a swelling index of 17. 

10 II. Manufacture of graft copoiymerization material 

Added all at once at a temperature of 50°C to a mixture of 8 parts by 
weight of the small aperture rubber latex and 10 parts by weight of the large 
aperture rubber latex were the components of Example 1 shown in Tables 1 and 
2. i.e. 90 parts by weight of ion exchange water, 0.2 parts by weight of an oleic 

15 acid sodium emulsifying agent, 11.98 parts by weight of methylmethacrylate. 
4.52 parts by weight of styrene, 4 parts by weight of acrylonitrile, 0.2 parts by 
weight of tertiary dodecyl mercaptan, 0.048 parts by weight of pyrophosphoric 
acid sodium, 0.012 parts by weight of dextrose. 0.001 parts by weight of primary 
iron sulfate, and 0.04 parts by weight of cumene hydroperoxide. The mixture 

20 was reacted white slowly increasing the temperature to IZ^O over a period of 2 
hours. 

Next, continuously added to the above mixture over a period of 4 hours 
was an emulsifying agent mixture of 70 parts by weight of ion exchange water, 
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0.4 parts by weight of an oleic acid sodium emulsifying agent, 35.92 parts by 
weight of methylmethacrylate. 13.58 parts by weight of styrene. 12 parts by 
weight of acrylonitrile, 0.25 parts by weight of tertiary dodecyl mercaptan, 0.048 
parts by weight of pyrophosphoric acid sodium, 0.012 parts by weight of 

5 dextrose, 0.001 parts by weight of primary iron sulfate, and 0.10 parts by weight 
of cumene hydroperoxide. The temperature was again increased to 76°C over a 
period of one hour to mature the mixture, thereby completing the reaction. 

A polymerization conversion rate of the obtained latex was 99.8% and a 
solidification rate of the same was 0.12%. A powder was obtained by solidifying 

10 the latex using a calcium chloride aqueous solution then washing the same. 
[Example 2] 

The same method as in Example 1 was used to manufacture small and 
large aperture rubber latex, and graft copolymerization material, but a 
composition ratio for Example 2 shown in Tables 1 and 2 was used instead of 
15 that for Example 1 . 

[Comparative Examples 1-51 

The same method as in Example 1 was used to manufacture small and 
large aperture rubber latex, and graft copolymerization material, but a 
composition ratio for Comparative Examples 1-5 shown in Tables 1 and 2 was 
20 used instead of that for Example 1 . 

[Comparative Example 6] 

The same method as in Example 1 was used to manufacture small 
aperture rubber latex and graft copolymerization material, but a composition ratio 
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for Comparative Example 6 shown in Tables 1 and 2 was used instead of that for . 
Example 1. Large aperture rubber latex in Comparative Example 6 was 
manufactured as described below. 

Manufacture of large aperture rubber latex (direct polymerization 
5 method) 

Added all at once to a nitrogen substituted polymerization autoclave 
were 83 parts by weight of ion exchange water; 100 parts by weight of 1,3- 
butadiene; 1.2 parts by weight of rosin acid potassium salt as an emulsifying 
agent; 1.5 parts by weight of oleic acid potassium salt; 0.7 parts by weight of 

10 sodium cart3onate (NagCOa) as electrolyte; 0.8 parts by weight of potassium 
hydrogen carbonate (KHCO3); and 0.3 parts by weight of tertiary dodecyl 
mercaptan (TDDM) as a molecular weight controlling agent. Next, a reaction 
temperature was increased to 65°C, and after adding 0.3 parts by weight of 
persulfuric acid potassium as an initiator to initiate the reaction, reaction was 

15 performed for 45 hours while the temperature was raised to 85°C. A rubber latex 
obtained using this method was then analyzed, the results of which were a 

o 

rubber latex having a particle diameter of 3000 A, a gel content of 65%, and a 
swelling index of 31 . 

[Applied Example 1] 

20 Added to 100 parts by weight of the graft copolymerization material of 

Example 1 were 0.1 parts by weight of an activator and 0.2 parts by weight of an 
oxidation preventing material. Next, using a biaxial extruding mixer, pellets were 
made from the graft copolymerization material and added components In a 
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cylinder oven set at 210°C. The pellets were extracted to make samples, and . 
properties of the samples were measured, results of which are shown in Table 3. 
[Applied Examples 2-8] 

The same method as that used in Applied Example 1 was used, but 
5 instead of adding the materials to the graft copolymerization material of Example 
1, the powder manufactured according to Example 2 and Comparative Examples 
1-6 was used for Applied Examples 2-8, respectively. Results of analysis are 
shown in Table 3. 

10 Table 1 
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Acid 

Sodium 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


Methylm 
ethacryta 
te 


11.98 






15.8 






14.38 


19.2 


Styrene 


4.52 






3.7 






5.63 


7.47 


Acryionitr 
ile 


4 






2.5 






2.5 


2 
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Tertiary 
dodecyl 
mercapta 
n 


0.2 






0.2 






0.2 


0.2 


Pyrophos 
phoric 
add 
sodium 


0.048 


0.048 


0.048 


0.048 


0.048 


0.048 


0.048 


0.048 


Dextrose 


0.012 


0.012 


0.012 


0.012 


0.012 


0.012 


0.012 


0.012 


Primary 

iron 

sulfate 


0.001 


0.001 


0.001 


0.001 


0.001 


U.UU1 


U.UU 1 




Cumene 
hyd roper 
oxide 


0.04 


0.04 


0.04 


0.04 


0.04 


0.04 


0.04 


0.04 


Add. 
Method 


batch 


batch 


batch 


batch 


batch 


batch 


batch 


batch 


Reaction 
Time 


2 hours 






2 hours 






2 hours 


2 hours 



Table 2 



2nd 

Reaction 


Example 
1 


Example 
2 


Comp. 

Example 

1 


Comp. 

Example 

2 


Comp. 

Example 

3 


Comp. 

Example 

4 


Comp. 

Example 

5 


Comp. 

Example 

6 


Ion Exch. 
Water 


70 


60 


61 


69 


64 


65 


70 


65 


Oleic 

Acid 

Sodium 


0.6 


0.4 


0.35 


0.42 


0.5 


0.5 


0.4 


0.5 


Methylm 
ethacryla 
te 


35.92 


62.13 


64.8 


47.4 


49.68 


57.6 


43.12 


38.4 


Styrene 


13.58 


22.87 


25.2 


11.1 


26.32 


22.4 


16.88 


14.93 


Acrylonitr 
ile 


12 


3 




7.5 


8 


6 


7.5 


4 


Tertiary 
dodecyl 
mercapta 


0.25 


0.25 


0.25 


0.25 


0.25 


0.25 


0.25 


0.25 
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n 


















Pyrophos 
phoric 
acid 
sodium 


0.048 


0.048 


0.048 


0.048 


0.048 


0.048 


0.048 


0.048 


Dextrose 


0.012 


0.012 


0.012 


0.012 


0.012 


0.012 


0.012 


0.012 


Primary 

iron 

sulfate 


0.001 


0.001 


0.001 


0.001 


0.001 


U.UUl 




0 001 


Cumene 
hydroper 
oxide 


0.1 


0.11 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


Add. 
Method 


Continue 
us 


continue 
us 


continuo 
us 


continuo 
us 


continuo 
us 


continuo 
us 


continuo 
us 


continuo 
us 


Reaction 
Time 


4 hours 


6 hours 


6 hours 


4 hours 


6 hours 


6 hours 


4 hours 


4 hours 


Polymer. 

Conv. 

Rate{%) 


99.8 


99.0 


99.7 


99.7 


99.5 


99.5 


99.3 


99.8 


Soltdifica 
tion (%) 


0.12 


0.10 


0.10 


0.10 


0.15 


0.10 


0.10 


0.10 



Table 3 





Applied 
Ex. 1 


Applied 
Ex.2 


Applied 
Ex. 3 


Applied 
Ex.4 


Applied 
Ex.5 


Applied 
Ex.6 


Applied 
Ex.7 


Applied 
Ex.8 


Graft 
copotym 
erization 
material 


Example 
1 


Example 
2 


Comp. 

Example 

1 


Comp. 

Example 

2 


Comp. 

Example 

3 


Comp. 

Example 

4 


Comp. 

Example 

6 


Comp. 

Example 

6 


Notch 

Isod 

Shock 

Strength 

ASTM D- 

256 


16 


11 


7 


10 


14 


3 


13 


13 


Fluidity 
Index 
ASTM D- 
1238 


14 


22 


25 


22 


16 


16 


18 


19 
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Haze 
value 
ASTM E> 
1003 


3,5 


3 


3,9 


20 


24 


2,4 


8.8 


11.2 


Chemical 
Resist, 
(ethanol 
solution) 
(after 14- 
day 

storage) 


Extremel 
y High 


High 


Low 


High 


High 


High 


High 


High 



Although preferred examples of the present Invention have been 
described In detail hereinabove, It should be clearly understood that many 
variations and/or modifications of the basic inventive concepts herein taught 
5 which may appear to those skilled in the present art will still fall within the spirit 
and scope of the present Invention, as defined in the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A thermoplastic transparent resin composition comprising: 
3-15 parts by weight of small aperture polybutadiene rubber latex; 
5-25 parts by weight of large aperture polybutadiene rubber latex; 

5 40-70 parts by weight of a methacrylic acid alkylester compound or an 

acrylic acid alkylester compound; 

15-30 parts by weight of an aromatic vinyl compound; and 
1-20 parts by weight of a vinylcian compound. 

2. The resin composition of claim 1 wherein the composition further 
10 comprises 0.2-0.6 parts by weight of an emulsifying agent, 0.2-0.6 parts by 

weight of a molecular weight controlling agent, and 0.05-0.3 parts by weight of a 
polymerization starter. 

3. The resin composition of claim 1 wherein the small aperture 

o 

polybutadiene rubber latex has a particle diameter of 600-1500 A , a gel content 
15 of 70-95%, and a swelling index of 12-30. 

4. The resin composition of claim 1 wherein the large aperture 

o 

polybutadiene rubber latex has a particle diameter of 2600-5000 A , a gel content 
of 70-95%. and a swelling index of 12-30. 

5. The resin composition of claim 1 wherein the methacrylic acid 
20 alkylester compound and the acrylic acid alkylester compound are 

methylmethacrylate. 

6. The resin composition of claim 1 wherein the aromatic vinyl compound 
is selected from the group consisting of styrene. or -methylstyrene. o- 
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ethylstyrene, p-ethylstyrene, and vinyl toluene. 

7. The resin composition of claim 1 wherein the vinylcian compound is 
selected from the group consisting of acrylonitrile, methacrylonitrile, and 
ethacrylonitrile. 

8. A method of manufacturing a themnoplastic transparent resin 
composition comprising the steps of: 

a) producing a small aperture polybutadiene rubber latex having an 

o 

average particle diameter of 600-1500 A. a gel content of 70-95%, and a 
swelling index of 12-30 by reacting butadiene at 55-70°C using a polymerization 
initiator; 

b) producing a large aperture polybutadiene rubber latex having a 

particle diameter of 2600-5000 A , a gel content of 70-95%, and a swelling index 
of 12-30 by enlarging the small aperture polybutadiene rubber latex particles; 
and 

c) perfomning graft copolymerization at 65-80°C by continuously or 
separately adding 3-15 parts by weight of the small aperture polybutadiene 
rubber latex of step a), 5-25 parts by weight of the large aperture polybutadiene 
rubber latex of step b), 40-70 parts by weight of a methacrylic acid alkylester 
compound or an acrylic acid alkylester compound, 15-30 parts by weight of an 
aromatic vinyl compound, and 1-20 parts by weight of a vinylcian compound. 

9. The method of claim 8 wherein the methacrylic acid alkylester 
compound and the acrylic acid alkylester compound are methylmethacrylate. 

10. The method of claim 8 wherein the aromatic vinyl compound is 
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selected from the group consisting of styrene, a -methylstyrene. o-ethylstyrene, 
p-ethylstyrene. and vinyl toluene. 

1 1 . The method of claim 8 wherein the vinylcian compound is selected 
from the group consisting of acrylonitrile, methacrylonitrile, and ethacrylonitrile. 

12. The method of claim 8 wherein in step c), a total refraction coefficient 
of the compound, excluding the polybutadiene rubber latex, is between 1.510 
and 1.526. 
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Seoul 135-080, Republic of Korea 



Telephone No. 

02-3458-0800 



Facsimile No. 

02-539-0758 



Teleprinter No. 



□ Address for correspondence: Mark this check-box v/hcrc no agent or common representative is/has been appointed and the 
space above is used instead to indicate a special address to which correspondence should be sent. 



Fomi PCrr/RO/101 (first sheet) (July 1998) 



See Notes to (he request form 




Sheet No. . . . 2 . . 



Continuation of Box No. Ill FURTHER APPUCANT(S) AND/OR (FURTHER) INVENTOR(S) 


If none of the following sub-hoxes is used, this sheet should not be included in the request. 


Name and Q66rcs^: (Family name followed by given name: for a legal entity, full official 
designation. The address must include postal code and name of country. The count ty of the 
oddress indicated in this Box is the applicant 'sState (thai is. country) of residence if no State 
of residence is indicated below.) 

SHIN, Yang-Hyun 

29, Ansan-dong, Yochon-city, 

ChoUanam-do 555-050 
Republic of Korea 


This person is: 

1 \ applicant only 

I -^1 applicant and inventor 

[ I inventor only (If this check-box 
is marked, do not fill in below.) 


Slate (that is. country) of national ity: 


State (that is. country) of residence: 

ICR 


This person is applicant | 1 all designated | 1 all designated States except j j Uic United States i 1 ihc States indicated i-> 

for ihc purposes of: I 1 Siaies | | the IJniTcd Suics of America 1 X 1 of America onK [ | the Supplemental Box 


N'AiTic and address: (Family name followed by given name: for a legal entity, full official 
desijgnation. The adihe ss must incfudc postal code and name of country. The country of the 
ada/'css indicated in tht.s Box is the applicant sStaie (that is. country) of residence if no State 
of residence is in dtca'rd below.) 

LEE, Chan-Hong 

Ruckyhana Apt. 102-901, Shinseong-dong, 
Yuseong-gu, Daejeon-city 305-345 
Republic of Korea 


This person is: 

1 1 applicant only 

applicant and inventor 

1 I invcnior only (If this check- box 
is marked, do not /ill in below.) 


State (that is, country) of nationality: 


State (that is, country) of residence: 


This person is applicant i 1 all designated | 1 all designated States except | 1 the United States 1 1 the Stales indicated in 

for the puri50:ies of: 1 I States | | tJic United States of America 1 of America only | | the Supplcmcnial Box 


Name and address: (Family name followed by given name: for a legal entity, full official 
designation. The oddress must include postal code and name of country. The country of the 
address indicated in this Box is the applicant 'sState (that is. country) of residence if no State 
of residence is indicated below.) 


This person is: 

1 I applicant only 

[ 1 applicant and inventor 

j 1 inventor only (If (his check-box 
' ' is marked, do not fill in below.) 


Stale (that is, country) of nationality: 


State (that is, country) of residence; 


This person is applicant i i all designated | 1 all designated States except j 1 t>ic United States i 1 iJic States indicated in 

for the purposes of: | | States | | tiie United States of America | | of America only | | the Supplemental Box 


Narnc and address: (Family name followed by given name: for a legal entity, full official 
designation. The address m ust include postal code and name of country. The country of the 
address indicated in this Box is the applicant 'sSiate (that is, country) of residence if no State 
of residence is indicated below,) 


This person is: 

1 1 applicant only 

applicant and inventor 

1 1 inventor only (If this check-box 
is marked, do not fill in below.) 


Siaic (that is, count/y) of naiionality: 


Slate (that is, country) of residence: 


This person is applicani 1 1 all designated l 1 all designated States except | 1 the United States | 1 the States indicated in 

for iJic purposes of: 1 | States L | Uie United Stales of Amcnca | | of Ajnchca only | | the Supptcmental Box 


1 Further applicants and/or (further) inventors arc indicated on another continuation sheet. 



Form PCT/RO/101 (continuation sheet) (July 1998) See Notes to the request form 



Shcci Ko. -3. 



Box No.V DESICNAIiU W UPWa I KS 



The following dcsignmions arc hereby made under Rule 4.9(a> (maii ihe applicable clKck boxcs: ai least one must be nmded)- 
Regionai Pa(cn( " 

□ AP 



□ 



□ 



7° ^'t.'"" Gambia, KE Kenya, LS Lesotho. MW Malawi, SD Sudan. SZ Swiailand. UG Uganda 

/-W Zmbabwe, and any olhcrStale which is a ConlTJcdng Slate of the Harare Protocol and of the PCT 

MJ\do^-^mi%"u- - '^^ Kyrgy2.-:tan. KZ Kazakh.slan. MD Republic of 

Moldova. RU Russian Fedeniuon. TJ Tajdoslan^TM Turkmenistan, and anv other Stale which is a Contracting Slate 



of ihc Eurasian Patent Convention and of the Pcf 

European Patent: AT Au.stna, BE Belgium, CH _ ^..,„......„.. ^ , ^ypn,s. oermany. 

UK Denmark. ES Spam. FI Finland, PR France. GB United Kingdom, GR Greece, IE Ireland. ITlialy. LU Luxembourg " 
MC Monaco, NL Netherlands FT Portugal, SE Sweden, and any other State which is a Contracting siate of the EuroS 



n^i'"AP!!r..!.^'^ o o.^^ ^,"-5^^ ^?A''J'""'- CH and LI Switzerland and Liechtenstein, CV; Cyprus, DE Germany, 

' ™ xembourg,' 

Patent Convention and of the PCT " ' """" " " ''"""•"-""8 °' E"r°P=an 

r A 0.^i*rw^^-^"*^"w^°' S'"'"' CF Central African Republic, CG Congo. CI Cote d'lvoirc, CM Cameroon. 
.?n V ?,h^ <:•. . Gumea-Bissau. ML Mali, MR Mauritania, NE Niger, SN Senegal. TD Chad. TG Togo, and 

any omcr State wbich is a member Stale of OAPI and a Contracting Stale of the PCT (irotherkindorproieaJonori^amem 



National Patent (if otAer kind of protection or treatment desired, specify on dotted line): 



□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

n 
□ 

□ 
□ 
□ 
□ 
n 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijiin 

BA Bo.sniu and Herzegovina 

BE Barbados 

BG Bulgaria 

BR Brazil 

BY Belarus 

CA Canada 

CH and LI Switzerland and Lirchtcnslcin 

CN China .* 

Cuba 

Czech Republic 

Germany 

Denmark 

Estonia 

Spain 

Finland 

United Kingdom 
Grenada 

Georgia 

Ghana , 

GM Gambia 

HR Croatia 

Hungary 

Indonesia 

Israel 

India 

Iceland 

Japan 

Kenya 

l^yrgyzsUMi 



CU 

CZ 

DE 

DK 

EE 

ES 

FI 

GB 

GD 

GE 

GH 



HU 
ID 
IL 
IN 
IS 
JP 
ICE 
KG 



TCP Democratic Peoplc*s Republic of Korea 



□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

m 

□ 
□ 
□ 
□ 



LS 
LT 
LU 
LV 



Lesotho . . . . 
Lithuania 
Luxembourg 
Latvia 



MD Republic of Moldova 

MG Madagascar 

MK The former Yugoslav Republic of Macedonia 

MN Mongolia 

MW Malawi 

MLX Mexico 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation . . . , 

SD Sudan 

SE Sweden 

SG Singapore 

SI Slovenia 

SK SlovaJcia 

SL Sierra Leone 

TJ Taj iJd Stan 

TM Turkmenistan 

TR Turkey 

TT Trinidad and Tobago 

UA Ukraine 

UG Uganda 

US United States of America 



uz 

VN 
YU 

zw 



Uzbekistan 
Viet Nam . 
Yugoslavia 
Zimbabwe . 



ICR 
KZ 
LC 
LK 
LR 



Republic of Korea 

Kazakhstan 

Saint Lucia 
Sri Lanka 
Liberia 



Check-boxes reserved for designating Slates (for the purposes of 
a national patent) which have become party to the PCX after 
issuance of this sheet: 



□ 
□ 
□ 



I recautjonary Designation statement: In addition to the designations made above, iheapplicantalsomiikcs under Rule4.9(b) all other 
&?Kr"^ Which would be permitted under the PCT except any dcsignation(s) indicated in ihc SupplcmenuU Box as being excluded 
rroiTi the scope of ihjs siatemenL The apphcant declares that those additional designations arc subject to conrrnnaUon and lhai any 
des|gn:.Oonwluch.snotcon^^ 

iLZ.IaS.'lSi^r^^^ r""'- f°f"^f^°" °t ^ designation consists of the niing of a notice specifying that designation and the payment of 
Ihe designauon and confirmauon fees. ConrimaUon must reach t/ie receiving Office wiSiin die l5-mondi tiim limit) 



Form PCT/RO/101 (:;ccond sheet) (January 1999) 



See Notes to the request form 



Sheet No. 



Box No. VI PRIOR[TY CLAIM 



□ Further priority claims arc indicated in the SupplcmcniaJ Box 



Filing dale 
of earlier application 
( day/m onMycar) 


Number 
of earlier application 


Where earlier application is: 


national application: 
countr>' 


regional application:* 
regional Office 


intcmaiional application: 
receiving GfTicc 


item (I) 

29/October/1998 
(29. 10- 1998) 


98-45699 


KH 






item (2) 










item (3) 











I I The receiving Office is requested to prepare and transmit to the Inicniationai Bureau a certified copy 
of the earlier application(s) (only if the earlier opplicotion filed with the Office \^'hichfor the 
purposes of the present international application is the receiving Office) identified above as item(s): 

* mjerc the earlier application is on AfVPO application, it is mandaiory to indicate in the Supplemental Box at leaTt one country party to the Paris 
Convention /or the Protect ton of Industrial Property for uhich that ear/ier application uas filed (Rule 4. JO(b)(ii)). See Supplemental Box. 



Box No. Vn INTERNATIONAL SEARCHING AUTHORITY 



Choice oflnternationa I Searching Authority (ISA) 

fif two or more International Scarchinp Authorities are 
competent to carry out the internotionol search, indicate 
the Author if}* chosen: the two-letter code may be used): 

ISA / 



Request lo use results of earlier search; reference to that search (i/on earlier 
search has been carried out by or requested from the hucrnational Searching Authority) 



Date (day/montyyeor) 



Number 



Country (or regional Office) 



BoxNo. VllI CHECK LIST; LANGUAGE OF FILING 



This iniemaiional application contains 
the following number of sheets: 

request : 4 

description (excluding 
sequence listing pan) 

claims 

abstract 

drawings 

sequence listing part 
of description 



18 
3 
1 



Total number of sheets 



26 



This intcmaiiona! application is accompanied by the iicm(s) marked below: 

1. |x] fee calculation sticci 

2. separate signed power of atiomey 

3. Q copy of genera! power of anomey; reference number, if any: 
^- D statement explaining lack of signature 

5. [3 priority documcnt(s) identified in Box No. VI as item(s): ( 1 ) 
6- □ translation of international application into (language): 

7. □ separate indications concerning deposited microorganism or other biological material 

8. □ nucleotide and/or amino acid sequence listing in computer readable form 

9. □ other (specify)'. 



Figure of the drawings which 
should accompajiy the abstract: 



Language of filing of the . . 

international application: English 



Box No. IX SIGNATURE OF APPLICANT OR AGENT 



hicxt to each signature, indicate the name of the person signing and the capacity m which the person signs (fsuch capaciry is not obvious from reading //le reqi*est). 

KIM/ Seong-Ki /^rjg^ 



1 . Dale of actual receipt of the purported 
international application: 




2. Drawings: 


3. (Corrected dale of actual receipt due 10 later but 
timely received papers or drawings completing 
the purported international application: 


I 1 received: 


4. Date of timely receipt of the required 
corrections under PCT Article 1 J (2): 


1 1 not received: 


5. Intcmaiional Searching Auihority . 
(if two or more are competent): 10 A / 


6. ] ] Transmittal of search copy delayed 
1 1 until search fee is paid. 





i ■ - ■-> For International Bureau use only 

Date of receipt or ^nrrmnzrd copv 
by ihc IntCTngr L— 



Forrc PC7 l^.O '-^ --^^ .y—^ 19^^ \ ~" .s^.. r-rTT 



INTERNATIONAL SEARCH REPORT 



[ntemational application No. 

PCT/KR 99/00101 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC': C 08 L 33/06; (C 08 L 33/06; C 08 L 25:08; C 08 L 9:00; C 08 L 33:20) 

According to international Patent Classification (IPC) or to both national c lassification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
IPC^ C 08 L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

Questel Telesystems, London, File: WPI 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



US 4 242 469 A (SCHMITT et ai.), 30 December 1980 (30.12.80), 
examples; claims. 

US 4 228 256 A (SCHMITT), 14 October 1980 (14,10.80), examples; 
claims. 

Derwent Accession No 87-147666 [25], Questel Telesystems (WPI) I, 

Derwent Publications Ltd. London, abstract; 

& JP 62-086 046 A (DENIG KAGAKU KOGYO KK), DW 8721 

(20.04.87) 

Derwent Accession No 81-41015 D[23], Questel Relesystems (WPI), 
Derwent Publications Ltd. London, abstract; 

& JP 56-041 216 A (JAPAN SYNTHETIC RUBBER CO., LTD.), 
DW 8123 (17.04.81) 



Relevant to claim No. 



1-12 



1-12 



1-12 



1-12 



□ Further documents arc listed in the continuation of Box C. ^ See patent family annex 



♦ Special categories of cited documents: 

„A" document dcfming the general slate of the an whicli is not 

considered to be of particular relevance 
„E" earlier application or patent but published on or after the international 

filing date . 
„L" document which may throw doubts on priority claim(s) or which is 

cited to establish the publicalion date of anoiher citation or other 

special reason (as specified) 
„0** document referring to an oral disclosure, use. exhibition or other 

means 

„P" document published prior to the international filing date but later than 
the priority date claimed 



,T' later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 
,X" document of particular relevance; tlic claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 
,Y** document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 
document member of llie same patent family 



Date of the actual completion of the international search 

27 July 1999 (27.07.99) 



Name and mailing adress of the ISA/ AT 

Austrian Patent Office 
Kohlmarkt 8-10; A-1014 Vienna 

Facsimile No. 1/53424/200 



Date of mailing of the international search report 



05 August 1999 (05.08.99) 



Authorized officer 



Tengler 
Tele phone No. 1/53424/213 



Form PCT/lSA/210 (second slieel) (July 1998) 



INTERNATIONAL SEARCH REPORT 
Infonn? » on patent family members 



Int' national application No. 
PCiVKR 99/00101 



Id Recherchcnbericht 
^r^fuhrtcs Paimidokucsnt 
Talent drarufsnt cited 
in search repurt . 
Dccucent de brevet. cit6 
dans le Pe^pport de. recherche 



DatuQ der 
Veroffeitlichimg 
Pid^lication 
date 
Date de 
|Kd>licatim) 



Rltqlledler) der 
PalCTtfaailie 
Patent Easily 
cesberfs) 
necbre(s) de la^ 
faoille de brewets 



DatuQ der 
U&'dffentiichting 
Publication 

dale* 
Date de 
jubiication 



U S ^- 



'4242469 



30-12-1980 



UB A 



4228256 



14-10-19BO 



CA Al 

DE Al 

FR Al 

FR Al 

FR Al 

FR Bl 

GB Al 

GB B2 

BB Al 

GB Al 

GB B2 
GB B2 
GB B2 
JP A2 
JP B4 
JP A2 
CA Al 
US_A 

"cA A 1 
DE Al 
FR Al 
FR Al 
FR Al 
FR Bl 
GB Al 
GB B2 
GB Al 
GB Al 
GB Al 
GB B2 
GB B2 
GB B2 
ap A2 
JP B4 
JP A2 
CA Al 
US A 



1 134092 

2937718 

2455066 

2491930 

2491931 

2455066 

2030154 

2030154 

2106120 

2106914 

2107329 

2106120 

2106914 

2107329 

55040794 
2002902 
2138323 
1 126432 

_4 228256 

fl 26432 
2937718 
2455066 
2491930 
2491931 
2455066 
2030154 
2030154 
2106120 
2106914 
2107329 
2106120 
2106914 
2107329 
55040794 
2002902 
2138323 
1134092 
4242469 



19- 

21- 
16 

16- 
16 

02- 

y.o 

07- 
20 
27- 
10 
10- 
07 

19 
28- 

27- 
21- 
16 
16- 
16 
02- 
30 
07- 
20 
27- 
10 
10" 
07 
22- 
19 
28" 
19 
30 



10- 
•03- 
11" 
-04- 
04- 
-05- 
04- 
-03- 
04- 
"04- 
04- 
-08- 
08- 
-09- 
03- 
-Ol- 
05- 
-06- 
lO- 



06- 
•03- 
1 1- 
-04- 
04- 
-05- 
04- 
-03- 
04- 
-04- 
04- 
-08- 
OS- 
-09- 
■03- 
-01- 
■05- 
-10- 
12- 



1982 
1980 
1980 
1982 
1982 
1986 
1980 
■1983 
1983 
■1983 
1983 
■1983 
1983 
■ 1 983 
19B0 
■1990 
1990 
-1982 
1980 

T9B2 
19SO 
1980 
1982 
1982 
1986 
1980 
198.7 
1983 
198r 
198" 
•1983 
1983 
"1983 
1980 
-1990 
1990 
-1982 
19BO 



JP A2 56041216 



20-04-l_987 
17-04-1981 



aP_B4 
JP B4 



_5074617 
"62043450 



1_8-10-1993 
14-69-1987 



Form PCT/ISA/210 (patent family annex) (July 1998) 



